Abstract. Measurements of atmospheric chloroform (CHC13) by in situ gas chromatography using electron capture detection are reported from the Advanced Global Atmospheric Gases Experiment (AGAGE) network of atmospheric research stations. They are some of the most comprehensive in situ, high-frequency measurements to be reported for CHC13 and provide valuable information not only on clean "baseline" mixing ratios but also on local and regional sources. Emissions from these sources cause substantial periodic increases in CHCI3 concentrations above their baseline levels, which can be used to identify source strengths. This is particularly the case for measurements made at Mace Head, Ireland. Furthermore, these local sources of CHC13 emissions are significant in relation to current estimates of global emissions and illustrate that the understanding of competing sources and sinks of CHCI3 is still fragmentary. These observations also show that CHC13 has a very pronounced seasonal cycle with a summer minimum and winter maximum presumably resulting from enhanced destruction by OH in the summer. The amplitude of the cycle is dependent on sampling location. Over the 57 months of in situ measurements a global average baseline concentration of 8.9+0.1 ppt was determined with no appreciable trend in the baseline detected.
. Tropical oceans have been reported to be a major source [Khalil et a/.,1983] . However, many uncertainties in the measurements were also highlighted, not the least the lack of data to validate the estimated oceanic flux. Intracellular production by macroalgae was reported for the first time by Nightingale et al. [1995] , and production was attributed to the presence of chloroperoxidase enzymes. It is likely that production would be species dependent and seasonal. CHCI3 is also produced directly in soils [Frank at 
2000
]. The mechanism is thought to be microbial in origin, involving a chloroperoxidase-mediated reaction to form reactive chlorine species followed by chlorination of humic material in soil. CHCI3 production was reported in top layer and deeper soil layers by different mechanisms [Hoekstra et al., 1998 ]. Hoekstra and De Leer [1993] found that the concentration in soil air is 5-620 fold higher than in atmospheric air. Rice fields and termite bearing soils have been identified as CHCI3 sources [Khalil et al., 1990 [Khalil et al., , 1998 ]. Biomass burning has been considered as a source but has been estimated to contribute less than 0.4% to the total global source strength [Loberr et al., 1999] . The major anthropogenic emissions of CHC13 are from in situ production during pulp/paper manufacture and water/ sewage treatment and from fugitive emissions when CHCI3 is used as a feedstock for the manufacture of HCFC-22 (CHC1F2) and ethylene dichloride (CH2CCI2) and from its use as a solvent [Aucott et al., 1999] . CHC13 is used in pharmaceutical products, dyes and pesticides [Khalil et al., 1983; Aucott et al., 1999] and has also been reported to be produced in significant amounts during the combustion of leaded gasoline [Gili et al., 1989] . In this paper we report on in situ CHC13 measurements (frequency every 40 min) obtained at the five globally distributed sites which comprise the Advanced Global Atmospheric Gases Experiment (AGAGE) network. These sites are located at Mace Head, Ireland (53øN, 9øW), Trinidad Head, California (41øN, 124øW), Ragged Point, Barbados (13øN, 59øW), Cape Matatula, American Samoa (14øS, 171øW), and Cape Grim, Tasmania (41øS, 145øE). These stations use identical instrumentation, analytical techniques, and calibration gases prepared and maintained by Scripps Institution of Oceanography (SIO). The data acquired at these sites provide reliable and representative estimates of global CHCI.
• trends.
Due to its location on the western fringe of Europe, the Mace Head station is able to resolve regional pollution from air masses that have passed over the industrial regions of the European continent, local pollution from air masses that have transected Ireland, and clean air typical of the northern hemispheric background from air masses that have passed over several thousand kilometers of the North Atlantic. 
Experiment
Custom designed, fully automated gas chromatograph systems were installed at each of the AGAGE stations for the measurement of CC12F2 (CFC-12), CC13F (CFC-11), CC12FCC1F2 (CFC-113), CH3CC13 (methyl chloroform), CHC13 (chloroform), CC14 (carbon tetrachloride), N20 (nitrous oxide), CH4 (methane), CO (carbon monoxide), and H2 (hydrogen). Each system comprises a Hewlett-Packard 5890 gas chromatograph with two electron capture detectors (ECD), a Carle flame ionization detector, a trace analytical mercuric oxide reduction detector (RGA3), and an automated sample module. CHCI3 is analyzed on one of the ECD channels, and gas samples are dried by passage through a Nation drier counter purged with dry "zero air." The dried sample then flushes and fills a 4.5 cm 3 gas sampling loop prior to sample injection. The sample loop is temperature controlled and the pressure of the loops is monitored using two independent Barocel precision capacitance manometers and a MKS proportional servo valve. This is an extremely important aspect of the AGAGE instrument in that not only are the loop injection pressures precisely monitored but also the pressure of the injected volume can be varied allowing a detector non linearity correction to be applied to the data. A dedicated UNIX workstation computer using custom software controls the whole system. Alternate analyses of a standard and air sample occurs every 20 min, thereby enabling the observations to be corrected for any temporal drift in sensitivity. Separation from other components is achieved using a silicone (SP2100) precolumn and main column at 55øC with argon/methane (95%:5%) as the carrier gas, (90%: 10% at Cape Grim). A more detailed account of the experimental is given by Prinn et al. [2000] .
Absolute Calibration
Absolute calibration standards for the AGAGE program are prepared at SIO. Preparation of primary standards, and in particular of the "SIO98 calibration scale" is discussed in depth elsewhere [Miller, 1998; Prinn et. al., 2000] . Secondary field standards are also prepared by SIO; these standards consist of "baseline" clean air compressed to -600 pounds per square inch gauge (psig) in 35-L electropolished stainless steel cylinders (Essex Cryogenics, Inc.). The secondary standard gases are calibrated prior to being sent to field sites, compared at the site with the current field standard, and then reanalyzed on their return to SIO. The standards used in these calibrations are from a suite of similar "gold tank" air standards that are maintained for this purpose and have been calibrated extensively against the SIO98 primary standard mixtures. The CHC13 results are reported as dry gas mole fractions, expressed as parts in 10 •2 (ppt). An example of observed CHCI• between July 1997 and June 1998 at Mace Head and the effectiveness of the pollution identification algorithm is shown in Plate 1. In the top panel all polluted events are marked by red symbols. The background data are represented by black symbols. In the middle panel, the unpolluted data are shown on an enlarged scale, so that the detail structure in background data can be visualized more clearly. Plate I illustrates that the pollution identification algorithm appears to be working well. In our experience, filtered background data can be changed slightly by changing the tunable factor (i.e., 2.5 sigma from 3 sigma). The ideal factor is inevitably a compromise .between overmarking and undermarking pollution events with no way to be physically certain which marking is correct. The currently used factor as described earlier is applied uniformly to all the species at all the stations and produces the best results overall. In the bottom of Plate 1 are shown the daily standard deviation in percent from each measurement of the calibration gas divided by the surrounding (in time) calibration gas measurements. These can provide additional information regarding the quality of data during this period.
In Figure 3 the mean monthly baseline CHCI3 concentrations using each of the three methods are compared. 
Trends and Seasonal Cycles
The linear trends and seasonal cycles were studied by using on August 3, 20, and 23, 1998. During these events the average concentration of CHCI3 drops to nearly 8 ppt, which is very close to mean average mixing ratio recorded at the AGAGE station on Barbados of 7.7 ppt (see Table 1 ). This behavior is seen on numerous occasions, throughout the year, and the low concentrations of CHC13 observed during these transport events would appear to discount the possibility of a significant ocean source, at least in the tropical North Atlantic.
In contrast, there is strong evidence for a significant ocean 
Modeling and Global Emission Estimates
We have applied a 12-box two-dimensional model [Cunnold et al., 1983; 1997 A three-step procedure is used to identify pollution events. First, to identify pollution events on a selected day, a baseline over the period from 60 days before the selected day to 60 days after it is derived from a second-order polynomial fit to the 121-daily minima. The polynomial values are then subtracted from every data point in the 121-days period, and a median is sought for an assumed Gaussian distribution fitted to the low. The median instead of mean is used to better represent background value as is shown in Figure 2b . In order to estimate variability under background (no pollution) conditions, only those data with values less than this median are used to calculate a root-mean-square (RMS) deviation (c•). Each measurement over the 121-day period is then temporarily marked as polluted if it exceeds the median by more than a specified (tunable) factor (currently 3c•) times the RMS deviation (c•). At this stage only the pollution flags in the middle day of the 12 l-day period are saved. This step is then repeated for each day until the entire AGAGE data record has been processed.
Second, the complete cycle described above is repeated except that all polluted data points marked in the first step are excluded. This repetition is necessary for highly polluted species such as CHCI3 because the median of the Gaussian distribution tends to be biased high in the first pass because of too many retained high-polluted values. At the end of this step, in addition to the extra pollution markings obtained, a separate additional flag is used to mark measurements which are between 2 and 3c• above the central value of the fitted normal distribution as "possibly polluted."
The third step is to mark "possibly polluted" measurements as "polluted" if they are immediately adjacent to a polluted data point. This process is continued for each "possibly polluted" measurement so that several consecutive "possibly polluted" measurements can all end up being identified as being polluted.
